Background Traumatic spondyloptosis is defined as greater than 100% of traumatic subluxation of one vertebral body in the coronal or sagittal plane which usually causes the complete transaction of spinal cord. It is a rare but severe injury of the vertebral column. We present four unusual cases of traumatic spondyloptosis causing complete spinal cord transaction, which were operated upon successfully. Methods We reviewed the imaging findings of four patients with traumatic thoraco-lumbar spondyloptosis from our radiology database, who presented to our trauma centre
Introduction
Spinal cord damage is caused either by trauma or disease. Traumatic spondyloptosis is defined as greater than 100% of traumatic subluxation of one vertebral body in the coronal or sagittal plane, which usually causes the complete transaction of spinal cord [5, 11] . It is a rare but severe injury of the vertebral column. We present four unusual cases of traumatic spondyloptosis causing complete spinal cord transaction, which were operated upon successfully.
Case reports

Patient 1
A ten-year-old boy fell from a running truck and was run over by the tractor-plough assembly, after which he developed paraplegia. The patient was haemodynamically stable and had developed bladder and rectal incontinence. The patient was brought to our hospital where various investigations were instigated. FAST (focused assessment with sonography in trauma) did not show any fluid in the dependent parts of the peritoneal cavity or pelvis. Plane radiographs showed grade 4 retrolisthesis of L3 over L4 with complete disruption of spinal alignment. CT corroborated the radiographic findings and also showed fracture of L3, misalignment of posterior elements, disruption of articular facets and transection of thecal sac at this level (Fig. 1a) . However, paraplegia along with bowel bladder involvement was not totally clear, and MRI was planned. MRI showed the child to have low lying cord with complete transection of the spinal cord and total disruption of vertebral alignment (Fig. 1b) . The patient was subsequently operated upon and the vertebrae were fixed with implants restoring vertebral alignment, but the cord still showed the sequelae of injury.
Patient 2
A 16-year-old male was admitted to our hospital with paraplegia following a motor vehicle crash. After basic resuscitation, a plain radiograph of the lumbosacral spine was obtained which showed complete collapse of the L3 vertebra with lateral displacement of the superior segment relative to the inferior segment. CT showed comminuted fracture of L3 vertebra with complete misalignment of vertebral column and the proximal segment was lying laterally in relation to the distal segment (Fig. 2) . MRI showed additional findings of complete spinal cord transaction along with injury to the cord at the level of conus medullaris and cauda equina nerve roots. The patient was subsequently operated upon and vertebral alignment was restored.
Patient 3
A 20-year-old male, who had fallen from height, had transient loss of consciousness and developed paraplegia subsequently. He had inability to move either lower limb with muscle power 0/5 in lower limbs and loss of sensation below L1. CT spine showed posterior spondyloptosis of T12 -L1 level with complete transaction of spinal cord. MRI dorso-lumbar spine showed complete disruption of terminal spinal cord at T12-L1 level (Fig. 3) . The patient was subsequently operated upon and vertebral alignment was restored.
Patient 4
A 27-year-old male had fallen from height while working on the railing on the second floor of a multistoried building. He had transient loss of consciousness and developed paraplegia and severe back pain. Plain radiographs of spine showed a fracture of T12 vertebra with anterior and left lateral displacement of proximal segment relative to the lower segment and causing complete disruption of vertebral alignment. Contrast enhanced CT of the chest and abdomen showed fracture of the upper end plate, adjacent body, lamina and spinous process of T12 vertebra with disruption of T11-12 facet joint leading to complete misalignment of the vertebral column as seen on plain radiograph. MRI dorso-lumbar spine showed complete disruption of the terminal spinal cord at T11-12 level with injury to conus medullaris (Fig. 4) . The patient was subsequently operated upon and vertebral alignment was restored.
Discussion
Spondyloptosis is another form of spinal dislocation or advanced spondylolisthesis, in which one spinal segment is lodged in the anterior or posterior space of another [2, 6] . High thoracic lesions lead to paraparesis instead of quadriparesis, but autonomic symptoms are still marked. In the lower thoracic and lumbar lesions, urinary and bowel retention occur.
The injury mechanism of the patient would be compatible with the shear type of fracture dislocation according to the report of Denis [4] . According to this report, all three columns were disrupted. The spondyloptosis in our cases resulted from the concurrent mechanism of shearing and axial compression. Traumatic impact causes either a flexion-rotation stress or a shearing force that fractures the facets and ruptures ligaments, resulting in spinal disarticulation. These injuries have the highest association with spinal cord injury of all fracture types. The posterior reduction and fixation using pedicle screws in the thoracolumbar spondyloptsis is sufficient to provide good alignment and fixation [7, 10] .
Spondylolisthesis treatment protocols are based on age, symptomatology, and slippage degree [6] . Fractures This series describes four patients with spondyloptosis of the thoraco-lumbar spine including the first case with complete transection of a low lying cord. Traumatic spondyloptosis results from high energy trauma (Table 1) . Due to three column involvement, the fracture is highly unstable.
In our series, all four patients had sustained high-energy closed spinal injuries: two were involved in motor vehicle accidents and two patients had falls from height. All four patients presented with paraplegia (muscle power 0/5 in both lower limbs) and complete loss of sensation in lower limbs. All patients underwent plain radiography, CT and MR imaging. Three patients had sagittal plane spondyloptosis and one patient had coronal plane spondyloptosis. Complete cord/cauda eqina transection was present in all patients. One patient had a low lying cord with complete cord transection. All patients underwent surgery with reduction of displacement by pedicle screw and rod fixation to realign the vertebral column. None of the patients had full neurological function recovery as the injury was complete in all cases.
In one of our cases, the patient unfortunately had a low lying spinal cord which was transected and led to the catastrophic events. Usually the spinal cord ends at the lower margin of L1 or upper margin of L2, but in our patient, the spinal cord was lying at the L4 level, which resulted in the complete paralysis. Surprisingly the patient showed significant recovery following surgery. A review of previous cases of lumbar spondyloptosis suggests that the degree of anatomical injury found at surgery is a better predictor of patient outcome than fracture severity assessed radiologically [1] . In the other cases, patients developed urinary, rectal and sensory symptoms because of transected cauda equine nerve roots.
Yadla et al. undertook a retrospective review of a tertiary care regional spinal cord injury patient population in which they described five cases of traumatic spondyloptosis [11] . Four patients, all with sagittal-plane spondyloptosis, had a complete neurological deficit, and one with coronal-plane spondyloptosis presented with an incomplete neurological deficit. Other than this case series, very few case reports are described in literature [3, 8, 9] . The case with low lying spinal cord transection is not described in literature.
To conclude, traumatic thoraco-lumbar spondyloptosis is very rare. Radiology plays an important role in the diagnosis and management of complete spinal cord transections and helps in planning surgery. Surgical reconstruction and stabilisation allows for rehabilitation. 
